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© Optical fiber preform, optical fiber and their manufacturing methods. 

© An optical fiber preform (1) is described comprising a core (12) made of a transparent material in a central 
region and a cladding (11) made of a transparent material in a peripheral region. The optical fiber preform (1) is 
uniformly twisted in the core (12) in one direction or around a central axis passing through in the vicinity of said 
core (12) in one direction, and has a length longer than a twisted pitch so that an optical fiber which is drawn 
from the preform has uniform twists remaining in one direction, and polarization dispersion which occurs in an 
optical signal propagating in the optical fiber appears around an optical axis in 360* direction and is cancelled 
out one after another; therefore, the entire polarization dispersion can be suppressed. Further, the optical fiber 
may be twisted in a step of vitrifying or pulling during optical fiber manufacture, which does not cause a rise in 
the processing cost. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 



5 The present invention relates to an optical fiber preform and an optical fiber and their manufacturing 
methods. 

Related Background Art 

70 Conventionally, a VAD method, an outside vapor deposition method, an inside vapor deposition method 
(MCVD, plasma CVD method), or a rod-in-tube method has been known as a method of manufacturing a 
silica optical fiber. Typical processes will be described below. In the VAD method, material is provided in an 
oxyhydrogen burner and fine particles of glass are synthesized in flame by hydrolysis reaction, and 
deposited at the end of a rotating starting rod in axial direction to make a porous glass preform, and the 
75 preform is dehydrated, vitrified, shrunk and pulled to make a cylindrical optical fiber preform. Next, the 
optical fiber preform is drawn to form an optical fiber which has desired refractive index distribution. The 
inside vapor deposition is a method of manufacturing an optical fiber by feeding material and oxygen into a 
silica tube, depositing glass thin films inside the tube by traversing a burner from outside of the tube and 
collapsing to form an optical fiber preform (Tibers for information transmission', Seni to Kougyo Vol. 4 No. 
20 5 1985. pp. 151-160). The rod-in-tube method is a method of manufacturing an optical fiber by inserting a 

glass rod which will be a core into a thick glass tube which will be a cladding, sealing its lower end, heating 
to soften, pulling and drawing at once. 

In the aforementioned process of manufacturing an optical fiber preform, refractive index distribution is 
considered to be the concentric circular in all cross sections of the optical fiber obtained after fiber drawing. 
25 However, the cross sections of the optical fiber are, in fact, slightly elliptical or distorted circular: 
consequently, refractive index distribution is not exactly the concentric circular. Because of this, group 
velocities of two polarized waves perpendicular to each other in the cross section of the optical fiber have a 
difference, which leads a problem of polarization dispersion to be large. Therefore, when the optical fibers 
are utilized as optical fibers for undersea cables or trunk cables, which are required for uses of massive 
30 information and long distance transmission, the polarization dispersion effects become large. It is theoreti- 
cally true that if the process of manufacturing an optical fiber is restrictively controlled, to make a core to be 
circular and to make a cladding and core to be concentric circular are possible. However, as the process is 
more restrictively controlled, difficulty is increased, which causes a rise in cost. To achieve an optical fiber 
which is exactly circular and concentric circular is theoretically possible; however, it is practically impossible 
35 and polarization dispersion due to structural distortion cannot be avoided since the manufacturing process 
cannot be ideally controlled. 

In order to decrease such polarization dispersion, a method of drawing a rotating optical fiber preform 
has been known (”PCT/GB02/00200". and "A. J. Barlow. APPLIED OPTICS Vol. 20, No. 17, 1 September 
1981, pp. 2962-2968"). 

40 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an optical fiber in which, in a case that an optical fiber 
and a core are not exactly circular and concentric circular, polarization dispersion due to these can be 
45 suppressed. 

It is also an object of the present invention to provide an optical fiber preform suitable for manufacturing 
such an optical fiber and to provide their preferred manufacturing methods. 

An optical fiber preform according to the present invention comprises a core made of a transparent 
material in a central region, and a cladding made of a transparent material in a peripheral region. The 
50 optical fiber preform is uniformly twisted around a central axis passing through in the vicinity of a center of 
the core in one direction, and the optical fiber preform has a length longer than a twisted pitch. 

An optical fiber according to the present invention is made to be fibrous by heating, softening and 
drawing the above-described optical fiber preform from one end, and the optical fiber comprises remained 
uniform twists in one direction and has a length longer than a twisted pitch. 

55 A method of manufacturing an optical fiber preform according to the present invention has various 
aspects corresponding to the conventional well-known manufacturing methods. 

A method of manufacturing an optical fiber preform according to the first aspect comprises a first step 
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time or more, and heating the preform to vitrifv the la t .h ^ preform one 

to of preparing a preform comprising a laver of a'^ according to the third aspect comprises a first step 
caddinj, ™do of , LaZHataSTn a '« '>» > > aantral region and a 

siressas in oppoaila direction around a central Z fram°the''to'th aZ oi?iTTrl^“'’ 

one time or more, and heating the preform to soften i w^* ^ cladding, rotating the preform 

material. ^ to vitrify the layer of the porous 

opposite dirlllrnan^arun^^^^^^^^ stresses in 

'Tn zr.^z ^ ^ ^ -rzr ?rrr 

prolom, to be substanZ", cEZZdtaino feaZZc’o f »' > 

A ntathod of manofaZing an rp«ZiCa.SrrS TZ'tT 'f 
end of an optical fiber preform manufactured bv onp of th r c! invention comprises holding one 

described above to hang down sTtharSfoLr poH as 

the o^hcal fiber prefo^ by heating the 0 ^"; o^;: oSrer';;^:;t^^ 

~ the presenttvention may comprise 

first aspect to third aspLts of the L?hod arlsLtee^ah? manufactured by one of the 

positioned lower, and drawing an optical fiber from thp r r ° ®"d is 

optical fiber preform to soften the other end of the 

® direc"liom^S^^ngly,^?v2lTh^^ ® axis in one 

circular and concentric circular, the structural distortion of th 

360- with a certain pitch (twisted pitc^^^^^ , ® aPPears In all directions of 

transmission line which is circular and concentric circular The oote^ J'b®'- entirely functions as an optical 
signal which propagates in the optical fiber havino a lenoth lonop th °r!! occurred in an optical 

5 another around an optical axis in 360* direction andls^^^ ToWtert*! °"® 

opSr I'r^ disper:re:hSy s^ppT^^^^^^^ 

therefore, the above-describTd Sal7iLrcan be'^lch^r oniformly twisted in one direction: 

A method Of manufacturing ToSS by simply drawing the preform from one end. 

preform in which a core and a cladding are made to ho *^ivi ° aspect is to apply twists to a 

preform is obtained by heating anrSinra ol^r'^^^ ^och a vitrified 

vitrifying a porous Jer outsfde of a pSm Sdinof Zp"? ® ^®®‘"9 

method, by heating and vitrifying a porous laver insiriP^I ^ r ^ deposition 

method, or by heating a transparent rod material fcore mit deposition 

material) made by a rod-in-tube meteS^to beTlS (cladding 

the rotating stress, so that twists are aoolied to tho ' T P’’®^®'!"’ *® while applying 

polanzation dispersion when the preform is drawn to be an oSfiber"^*' suppressing the 

Of vitrS? t^® s®cond aspect performs a process 
applying twists to the preform at once A method of man f deposition method, and a process of 

third aspect performs a process ofviwZo a 

method, and a process of twisting the preLm at onro°A^ '"®'^® ''^P®'" deposition 

aspect, the process can be made shorter *'’® ®"d the third 

the rotahng stress"ard^ 'b® pul«!g^stres^^^^^^ »bird aspects if 

by grinl®7rcuZL°I oTfcot?re^7f;7^^su7^‘'"t^^^^ ®®" *^® 

to form an optical fiber preform. ^ antially circular and using the grinded core preform 
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An optical fiber of the present invention can be obtained by drawing an optical fiber preform obtained 
by one of the first to third aspects of the manufacturing method. That Is, when the twisted preform is drawn 
from one end while heated to soften, the twists remain in the optica! fiber. If the optical fiber preform is 
rotated during fiber drawing, an amount of twists in an optical fiber becomes large. 

5 An optical fiber which has a spiral core may be formed if the preform in which a center of twists is 
outside the core (cladding region) is drawn. The optical fiber which has a spiral core may be a circular 
polarization-preserving optical fiber by controlling a spiral pitch. 

The principle used in the present Invention will be explained below. 

Assuming a cross section of a core is elliptical, and defining non-circularity (e) of ellipse is 

10 

e = ((maximum outer diameter) - (minimum outer diameter)) / (average outer diameter), 

a relation between the non-circularity (e) of ellipse and the polarization mode dispersion is shown in "K. 
Kashihara et al.. International Wire & Cable Symposium Proceeding 1993, pp. 635-638". Improvement of 
15 polarization mode dispersion (PMD) owing to a twisted core is 

PMD(4>) / PMD(<> = 0) = (2W2#)(B/X) (1) 

where 

20 <t>: number of core twisted per unit optical fiber length 

B: double refractive index of optical fiber 

X: wavelength of light. 

B = 10“^-10”7 for typical optical fibers. 

In general, the non-circularity of core of the optical fiber preform is increased in the process of drawing 
25 a preform to form an optical fiber. The inventors measured increase of the non-circularity and polarization 
mode dispersion after the optical fiber was formed from the preform, and derived a required core twisted 
pitch to make the polarization mode dispersion = O.lps.'km^^ In accordance with (1). The results are shown 
in Table 1. 



30 



Table 1 



Preform non-circularity (%) 


Fiber non-circularity (%) 


Polarization mode 
dispersion (ps/km^'^) 


Required pitch length* (m) 


0.2-0.3 


1.5-2 


0.15-0.2 


30-100 


0.3-2 


2-4 


0.2-4 


0,1-30 


2-5 


4-7 


4-8 


0.01-0.1 



*: Required twisted pitch length to make polarization mode dispersion about O.lps/km^^ in an 
optical fiber state 



The non-circularity of the optical fiber preform is 5% or below, so that as shown in Table 1, the core 
twisted pitch length in an optical fiber is greater than or equal to 1cm and less than or equal to 100m 
45 corresponding to the non-circularity of the optical fiber preform. To achieve such a core twisted pitch length 
(Lo) in an optical fiber, the core twisted pitch length (Li ) in an optical fiber preform is obtained by 

Lo = (0.125/D)2 X Li (2) 

50 where 

D: outer diameter of optical fiber preform (unit: mm). 

The non-circularity of the optical fiber preform manufactured ordinarily is 2% or below, and it is 
practical to make the core twisted pitch length in an optical fiber state greater than or equal to 10cm and 
less than or equal to 50m corresponding to the non-circularity of the optical fiber preform in view of 
55 easiness of twisting an optical fiber preform. 

If a method of grinding circumference of a core preform is employed lo decrease the core non- 
circularity of the optical fiber preform, it can be made possible to control the core non-circularity of the 
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th'lTr" or equal to 1m and less than or equal to 50 m corresponding to 

the non-circularity of the optical fiber preform. ^ ^ 

1 • experimenled about the Improvement of the polarization mode dispersion usino a 

tmsIM optrcal frber preform and dramnp the pr,t„m white the preform was rotating. The results are sZn 

Table 2 



Preform twisted pitch 
(fiber conversion) (m) 


Number of rotation (rpm) 
during fiber drawing 
(lOOm/min) 


Real twisted pitch 
(fiber conversion) (cm) 


Polarization mode 
dispersion (ps/km^^) 


0.5 


0 


50 


0.5 


1 


100 


50 


0.4 


10 


190 


50 


0.35 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



As shown in Table 2. larger number of rotation during fiber drawing (conversion in an optical fiber state) 
was smaller ,n poiaruation mode dispersien regardless the real twisted ich being the Zrth m u “ 
an optioal hber to have larger nmtutircularit, than that ol the optical fiber plform ZVZ^ilLr 

temperature distnbution in the direction ot an optical Bber prctomi 

o ZZ , r' T * that due to nruntoZ 

Of temperature distribution, temperature distribution in the direction of an optical fiber preform diameter is 

not uniform, which makes the non-circularity to increase. Therefore, it is considered that rSi^rw^ Is 

k Sr?- polarization mode dispersion owing to a rotating effect and in addition to tha? it 

L Tf " "^'’-^-cularity from increasing by decreasing non-uniformity of tlpel^^^^^^^ 

the direction of the optical fiber preform diameter. temperature in 

Thus, according to an optical fiber of the present invention, the optical fiber is uniformly twisted around 
a c»t,al «,s one direction, „« the structural distortion of the cross section appears in 3^ dScZ a" 
a certain twrsted prtch. so that coupting of two polarization modes is mad. oLer in an opsS stana 
prwng .n the optical liber. In result, the entire polarization dispersion can be suppressKl “h^ran 
optical fiber preforrn of the present invention is uniformly twisted in one direction, so that as described 

rr„gTher™r — - - - "'r 

^ manufacturing an optical fiber preform of the present invention when an 

optical fiber preform which is obtained by a combination of a transparent material or a porous material in 

oul7T TT' "" " ^ ‘he periphery regTk sZnk and 

Ltical fihV° stresses are applied in opposite direction at both ends of the preform. Accordingly the 
optical fiber preform has uniform twists in one direction at a certain pitch, and the optical fibl^ wtch ^ 

fiblT orefoTm "h h"" previously mentioned characteristics. If an optical 

f ber preform in which a center of twists is outside a core is drawn, a circular polarization-prSeivinS S ea 

In. r, r «her preform which sSiLTe fo 

obtSeT"^ the above-described optical fibers and their preferred manufacturing Sthodrean be 

■‘■h® Present invention will become more fully understood from the detailed descriotion oiven heribin 

dezbSr ri: tlt;: irodiLr rt.sr„,s^^ « 

examples, while indicating preferred embodiments ol the invonliou, are given by way ol 111.8118110^ only 

tho« tr r dSr;':or'" •» 

BRIEF DESCRIPTION OF THE DRAWING 

crosrse,;„»:f^t:mor::f Zptn:;To'^ -<> 



6 





EP 0 630 865 A1 



Fig. 2-Fig. 5 are views showing an elliptical core preform in which a central axis of twists is at a center 
of core, and Fig. 6-Fig. 9 are views showing a distorted circular core preform in which a central axis of 
twists is slightly off from a center of core. Fig. 2-Fig. 5 and Fig. 6-Fig. 9 correspond to the cross sectional 
views of planes A-D in Fig. 1. 

5 Fig. 10-Fig. 13 are views showing a substantially circular core preform in which a central axis of twists 
is at the edge of the core preform, and Fig. 14-Fig. 17 are views showing a substantially circular core 
preform in which a central axis of twists is off from the core preform and is in a cladding preform. Fig. 10- 
Fig, 13 and Fig. 14-Rg. 17 correspond to the cross sectional views of planes A-D in Fig. 1. 

Fig. 18-Fig. 21 are views showing a manufacturing process using VAD (vapor-phase axial deposition 
10 method) 

Fig. 22 and Fig. 23 are views showing a manufacturing process using an inside vapor deposition 
method. 

Fig. 24 and Fig. 25 are views showing a manufacturing process using an outside vapor deposition 
method. 

15 Fig. 26 and Fig. 27 are views showing a manufacturing process using a rod-in-tube method. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An optical fiber preform, an optical fiber and their manufacturing methods are explained in order 
20 hereinbelow with reference to the accompanying drawings. 

Fig. 1 is a perspective view showing a part of an optical fiber preform according to the embodiment and 
cross sectional structure of four planes A-D. An optical fiber preform 1 comprises a cladding preform 11 
made of silica glass and a core preform 12 which has high refractive index and which is provided at a 
center of the cladding preform. It is assumed that the core preform 12 is located at a center of the optical 
25 fiber preform 1 but not circular and has a convex part 13. 

The optical fiber preform 1 of the present embodiment is twisted uniformly in one direction and the 
cross sections of planes A-D are illustrated ones to which arrows are pointed in Fig. 1 when a central axis of 
twists is at a center of the core preform 12. As the position in an axial direction of the optical fiber preform 1 
IS moved to A, B, C and D, the convex part 13 of the core preform 12 is rotated around the central axis. In 
JO other words, as the optical fiber preform 1 is twisted, the core preform 12 having the concave part 13 is • 
also twisted. 

The optical fiber preform 1 shown in Fig. 1 is set in a fiber drawing furnace, and its lower end is heated 
and drawn to form an optical fiber. Then, the obtained optical fiber has twists remained. Accordingly, If the 
optical fiber is twisted one time or more, core distortion of the optical fiber corresponding to structural 
35 distortion of the core preform 12 which is the convex part 13 appears around the central axis in all direction 
of 360 • . Therefore, polarization dispersion of propagating light due to distortion is cancelled out entirely 
because coupling of light in two propagation modes becomes easier. Then, the optical fiber functions as an 
equivalent optical fiber as a circular and concentric circular optical fiber. 

There are various aspects of structural distortion of the core preform 12 and the position of the central 
40 axis of twists, which are shown in Figs. 2-9 and Figs. 10-17. Figs. 2-5 show a case that the core preform 12 
IS elliptical and a center of core is a central axis of twists (intersection of dashed lines), and each drawing is 
a cross section of a plane A-D of Fig. 1 . Figs. 6-9 also show cross sections of the planes A-D, In which the 
core preform 12 is distorted circular and a central axis of twists is slightly off from a center of the core 
preform 12. 

45 Figs. 10-17 show a case of a core preform 12 being substantially circular, and Figs. 10-13 show a case 
of a center of twists being at the edge of core preform 12. and Rgs. 14-17 show a case of a center of twist 
being off from a core preform 12 but in a cladding preform 11. The polarization dispersion is a problem 
without twists due to the different thickness of a cladding of an optical fiber which is drawn from the preform 
and non-concentric circular but if the optical fiber is twisted one time or more, the polarization dispersion is 
50 cancelled out entirely. 

As shown in Figs. 10-17, when the core preform 12 is eccentric, especially when it is largely eccentric 
as shown in Figs. 14-17, in an optical fiber which is drawn from the preform, coupling of two polarization 
modes becomes easier and not only the polarization dispersion Is suppressed but also the following special 
operations are performed. That is, an optical fiber which has a spiral core may be obtained if the preform in 
55 which the center of twists is at outside of the core (cladding) is drawn. The optical fiber which has a spiral 
core can be a circular polarization-preserving optical fiber if the spiral pilch is adjusted. The optical fiber 
which has a spiral core the real length (optical transmission line length) of which is longer than the real 

I . . »i. .r ii. . . .. 4: . — I . .. iz ....... .. fr\rrr\ ort fihtAr* 
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present invention will be explained. ^ actunng a preform and an optical fiber according to the 

IS formed using burners 3A and 3B. Here a core material ® preform 4 

burner 3A and a cladding material which has low refrac vlTnd *° ‘'i® 

glass material gas such as SiCU, GeCU. POCh or others is feT 't That is. when 

IS proceeded at 500-800 • C as follows; ^ ^ °’'y'^yd''09en flame, hydrolysis reaction 

SiCU + 2H2O— SXO2 + 4HCI 
GeCU + 2H2 0“^Ge02 + 4HCI 
POCI3 + 3/2H2O- I/2P2O5 + 3HCI 



20 



25 



30 



35 



40 



45 



50 



55 



r r:: Cp::,^rrrr •» r « 

direction. In the process of Fig. 19. ,he starino rod 2i ? r 1 ^ *" ‘f’® axial 

^.s.s ,3 j;- ricr„.:^,r 

the staring rod 21 (or aLht duZ^rod^fuLd to"th'lZd‘'2lTis*r 

dummy rod 25 is fixed in another rotating chuck 26B The eit !'Tk ^ ®*^“ck 26A and the 

heating furnace 23 from one end to the other end to soften At th !T^ ,^'^®'' Preform 1 passes through the 
are rotated in opposite direction to twist the ootical fiber r ^ t chucks 26A and 26B 

chucks 26A and 26B are moved in directions ^ rotating 

IS pulled and shrunk. ^ 9 ®®®*’ ®o that the optical fiber preform 1 

T. sr a s a^r ^ r™r r ’• -- 

draw an optical fiber 19 therefrom. The optical fiber 19 to which c* ^ *° 

The optical fiber 19 has twists remained from the optical fiber prefZ 7 ^ ^9. 

rras^j^ss ” rr a^rr. z ^ “ - ~ 

opposite dIrecBon may be prefemed. With surt aZtod 

cente, of the ptefotm is off from the oehter, CrefZ 2e°S T'" “ »’« » ^ 

In addition, in a case of twistina a nrefr>rm en T ® ^ ^ centrifugal force. 

preform may be transformed. That is. rotating the cZS^tToth^rri^'T method, the 

mates a rotating speed of a ■'eated-softehed portior,t» tte prelorm in opposite direction 

entirely heated and hangs down by its weiaht The>rpfnro *iF P''®fo''m cannot be uniformly and 
direct, Oh arid changing their rmrol^ sZds is^fZ Z, e 

heat a preform uniformly and entirely ®'®° ®PP«®d to a vertical type to 

silica tube 15 is prepared. While the sikZtZe Z^irheated^ Th deposition method. First, a 

and rotated, material gas is provided in the silica tube 15 oxyhydrogen burner 31 from outside 

BBr3 or O. When these giass materials are -0-3. 

SiCU + O2 S1O2 + 2CI2 
GeCU +02-^ Ge02 + 2Ch 
POCU + 3/4O2 - I/2P2O3 + 3/2BC2 

corrplZaTeZr attached inside the silica tube 15 to form a 

one -A and 26B (or the silica tube IS may be fixed after 

through a heating furnace 23 (or a burner may be usldf Tn ol P--9 

performed at once, and if the rotating chucks 26A and 26B ar^’ ^^'."9 ('"hifying) and twisting can be 

^6A and 26B are moved in directions separating from each 
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other, pulling and shrinking can be performed at once. 

In such a manufacturing method including a process of collapsing a glass pipe, its cross section is 
easily made to be elliptical in a collapsing process, and the polarization dispersion tends to be large. If the 
glass pipe. Is twisted, the polarization dispersion is further improved. Moreover, if the glass pipe is twisted 
5 and vitrified to be transparent in the collapsing process, the manufacturing cost remains the same. It is true 
that collapsing, twisting and pulling can be performed in different processes, disregarding the manufacturing 
cost. 

If the glass pipe is set In a fiber drawing furnace and drawn in the way of Rg. 21, an optical fiber which 
has twists remained can be obtained. In a step of depositing fine particles of glass inside the silica tube 15, 
10 if a first stage Is to form a porous layer by feeding a cladding material and a second stage Is to deposit 
another porous layer by feeding a core material, either of core and cladding can be synthesized to be glass 
by hydrolysis in flame. 

Rg. 24 and Rg. 25 show a manufacturing process using an outside vapor deposition method. First, a 
silica glass rod which will be a core preform 12 is prepared, and the silica glass rod Is rotated and let into a 
15 flame containing fine particles of glass from a burner 3. (see Fig. 24). Then, a porous layer 42 which will be 
a cladding Is formed outside the core preform 12. 

Next, this is fixed in rotating chucks 26A and 26B, and the porous layer 42 is vitrified and twisted at 
once. If the preform is heated while the rotating stresses in opposite direction and pulling stress are applied, 
vitrifying, twisting and pulling the preform can be performed at once (see Fig. 25). The obtained optical fiber 
20 preform is set in a fiber drawing furnace in the same way as Fig. 21, and drawn from the lower end to 
obtain an optical fiber which has twists remained. 

Fig. 26 and Fig. 27 show a manufacturing process using a rod-in-tube method. In this case, a pipe- 
shaped cladding preform 11 and a rod-shaped core preform 12 are prepared in advance, and the core 
preform 12 is inserted into a through hole 16 of the cladding preform 11 (see Fig. 26). At this time, if the 
25 through hole 16 is made to be eccentric, an optical fiber which has a spiral core having a spiral radius 
corresponding to the eccentricity can be obtained. The preform 1 1 can be manufactured by a VAD method 
or others. 

Next, the cladding preform 11 and the core preform 12 are fused at one end to be a solid preform, and 
the solid preform is fixed in the rotating chucks 26A and 26B, and the pulling stresses in opposite direction 
30 are applied to the preform and made to be a solid preform from one end to the other end in a heating 
furnace 23 (see Fig. 27). If the pulling stress is further applied to the preform, making a solid preform, 
twisting and pulling the preform can be performed in a single process, which is the same as the above- 
described embodiment. 

An optical fiber which has twists remained can be obtained by drawing the preform in the same way as 
35 Fig. 21. According to the method of this embodiment, it is suitable for the application to the aforementioned 
optical fiber amplifier since the spiral radius of a core is set in accordance with the eccentricity of the 
through hole 16, and the core length (real optical transmission line length) can be set at the different length 
from the optical fiber length. 

Next, the working examples on which the present inventors worked will be explained. 

40 

Example 1 

Dummy rods were fused and connected at both ends of a transparent preform (25mm in outer 
diameter, 400mm in length), and the preform was inserted in a vertical type heating furnace having a 
45 through hole in a vertical direction so that the lower end of the preform was at the top of the heating 
furnace. Note that the transparent preform was supported by fixing the dummy rods in rotatable chucks 
which was provided at the upper part and lower part of the heating furnace. The heating furnace was heated 
up to 1900 ’C. The upper chuck and lower chuck were descended at a speed of 1 mm/minute and rotated 
at a revolving speed of 50 rpm in opposite direction, and traversed 400mm. Thereafter, the transparent 
50 preform was drawn to obtain an optical fiber. The polarization dispersion characteristic of the obtained 
optical fiber was excellent: 0.05 ps per 1km fiber at 1.55 urn signal light. 

Example 2 

55 A transparent preform which was equivalent to that of the example 1 was inserted into the heating 
furnace which was heated to 1900 *C. While the upper chuck was descended at 3 mm/minute and the 
lower chuck was descended at 5 mm/minute, the upper chuck was not rotated and the lower chuck was 
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defects and was excellently pulled up to the outer diameter of 
Example 3 



19.44 mm. 



10 



75 



20 



25 



30 



A preform in which a glass laver whirh 

diameter. 10 mm in inner diameter. 300 mm in length)"was'^nilTT ‘""‘f ^ 

preform was heated with an oxyhydroqen burner fmm '"stalled on a horizontal type glass lathe. The 
fix the preform at both ends was rotatL at 10 rpm and the^oth*° 
traversed at a speed of 5mm/minute. The pJes^um oUhe oio." "'h 

heating furnace was heated to 1800-1900 *0 The oreform^^ w* decreased to 0.9 atmosphere, and the 
other. The collapsed preform was good, having 

Example 4 

diameter a^d?ooZ!n?en?th)Thicrr^^^^ in outer 

was installed on a horizontal glass lathe One of chnrtc »,• k ^ ^ cladding, and the transparent preform 
was rotated at 40 rpm. and the other was^^^^^^ 

mm/minute. A burner was traversed at 5mm/minute in thp rr^ t'" ^ direction and traversed at 40 

the other chuck. Then, the transparent preform was ouL Z direction of 

particles of glass were deposited aTthrciZmZZcf VZ" thereafter, fine 

optical fiber preform. Next, in the same way as the example l^tZ nT' 

vertical heating furnace having a through hole in a verticaMir^rf Preform was inserted into a 

preform was at the top of the heating furnace Note Wiat the oiJr f f k 

he dummy rods in rotatable chucks which were provided at tS supported by fixing 

furnace. The heating furnace was heated to 1900 -C '°'^®'' Pa'^ of the heating 

descended at a speed of 10 mm/minute. rotated^at 3o’rZ vI^® 

traversed. Thereafter, the optical fiber preform was rotated at 30 direction from each other and 

form an optical fiber. The obtained optical fiber had twists in thi ^ ® ®* lOOm/minute to 

From the invention thus describL i wiM hi nh '"J'’® ®°^® ®‘ ^ P'‘oh of 20cm-2.4m. 

Such variations are not to be regarded as a departlrnromZe^ '"vention may be varied in many ways. 

such modifications as would be obvious to one skilled in thp *^® s"d all 

scope of the following claims. ® intended to be included within the 



Claims 



1 . 



40 



45 



2 . 



3. 



50 



4. 



55 



cladding made of a transSlTLZZira''ZriphrrarZ^^^^^ ""^‘d"^' ^ ® 

uniformly twisted around a central axis passino thmunh in lh ® ’ ^'^®'' P''efO''m being 

direction; said optical fiber preform having a length lon^ "hfnVrsleZpIZ'^" 

Claim ‘rfroZneenriarop^^^^ ®P«®"' «ber preform according to 

a length longer than a twisted pitch. ^ remained in one direction and having 

'' Tw "l’^' S'*™ 

be a cladding In a perbnela^t^ior?™ “"’'’"“3 * Wb “ be a core In a central region, and a part to 

a»a;sr.Sg:inT.^ said cor. „ aroond a central 
one lime or more, and heating said prelorm to soften, and Pfefomi 

a third step 0 , hardening the heated prelorm In saldt cond step b, cooling. 

step Is a 

region and a cladding preform mad, of a transpare«errin\°;;,lSrSl™“^^ 



10 
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5. A method of manufacturing an optical fiber preform according to Claim 4, wherein said first step is a 
step of preparing a core preform made of a transparent material, grinding circumference of said core 
preform to be substantially circular, placing the polished core preform In a central region, and placing a 
cladding preform made of a transparent material in a peripheral region. 

5 

6. A method of manufacturing an optical fiber preform according to Claim 4, wherein said second step is a 
step of applying said rotating stresses in opposite direction and a pulling stress In the direction of said 
central axis, and heating said preform to soften. 

10 7. A method of manufacturing an optical fiber preform according to Claim 4, wherein said second step is a 

step of heating said core preform and said cladding preform from one end to the other end to soften. 

8. A method of manufacturing an optical fiber preform according to Claim 3, wherein said first step is a 
step of preparing a preform comprising a core preform made of a transparent material in a central 

15 region and a layer of a porous material to be a cladding in a peripheral region. 

9. A method of manufacturing an optical fiber preform according to Claim 8, wherein said first step Is a 
step of preparing a core preform made of a transparent material, grinding circumference of said core 
preform to be substantially circular, and forming a layer of a porous material to be a cladding in a 

20 peripheral region of the polished core preform. 

10. A method of manufacturing an optical fiber material according to Claim 8, wherein said second step is a 

step of applying said rotating stresses in opposite direction and pulling stress in the direction of said 

central axis, heating said layer and said core preform to vitrify said layer of the porous material and to 

25 soften said core preform. 

11. A method of manufacturing an optical fiber preform according to Claim 8, wherein said second step is a 
step of heating said layer and said core preform from one end to the other end to vitrify said layer of 
the porous material and to soften said core. 

30 

12. A method of manufacturing an optical fiber preform according to Claim 3, wherein said first step is a 
step of preparing a preform comprising a layer of a porous material to be a core in a central region and 
a cladding preform made of a transparent material in a peripheral region. 

35 13. A method of manufacturing an optical fiber preform according to Claim 12, wherein said second step Is 

a step of applying said rotating stresses in opposite direction and pulling stress in the direction of said 
central axis, heating said layer and said cladding preform to vitrify said layer of the porous material and 
to soften said cladding preform. 

40 14. A method of manufacturing an optical fiber preform according to Claim 12, wherein said second step is 

a step of heating said layer and said cladding preform from one end to the other end to vitrify said 
layer of the porous material and to soften said cladding preform. 

15. A method of manufacturing an optical fiber comprising: 

45 holding one end of an optical fiber preform manufactured by a method according to Claim 3 to 

hang down so that the other end is positioned lower; and 

drawing an optical fiber from said optical fiber preform by heating said other end of said optical 
fiber preform to soften. 

50 16. A method of manufacturing an optical fiber according to Claim 15 comprising: 

holding one end of an optical fiber preform manufactured by a method according to Claim 3 to 
hang down so that the other end is positioned lower; 

rotating said optical fiber preform around a central axis of said optical fiber preform; and 
drawing an optical fiber from said optical fiber preform by heating said other end of said optical 

55 fiber preform to soften. 

17. A method of manufacturing an optical fiber according to Claim 15, wherein a core twisted pitch of said 
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100 m. 



5 



ia 



A method of manufacturing an optical fiber according to Claim 15. wherein 

optical fiber manufactured after fiber drawing is greater than or equal to 10 
to oO m. 



a core twisted pitch of said 
cm and less than or equal 



70 



19 . 



A method of manufacturing an optical fiber according to Claim 

optical fiber manufactured after fiber drawing is greater than or 
50 m. 



15, wherein a core twisted pitch of said 
equal to 1 m and less than or equal to 



75 



20 



25 



30 



35 



40 



45 



50 



55 
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